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Creating Different Kinds of Internal Lattice Structure: A Complete Tutorial
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In thisarticle, we are going to design a scientific and accurate kind of lattice structure
for a cube or other geometrical 3D shapes using Blender. The difference between a
scientific and an aesthetic lattice structure isthat in a scientific lattice structure we

need accurate dimensions as opposed to aesthetic lattice structures where beauty isthe

priority. We use different methods for modeling the 2 kinds of lattice structures.

An introduction to Internal Lattice Structure

Internal attice structures are used for many different purposes. And there are many ways to design them in Blender or
Meshmixer software, one of which is to use wireframes which gives you a low-quality lattice structure even if you utilize
the modifier. It would mostly be useful for artistic purposes meaning that you cannat precisely determine the size of
the holes and channels and the whole object itself.

We usually design our lattice structures this way when we want some aesthetics in our design but it lacks accuracy. The
tool we use for this type of modeling is a wireframe madifier next to some other tools that can be used according to
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the preferences of the design.

As you can see, the above photo is the wireframe of a cube that is shrunk and has been made so madern and artistic
that way but the problem is that it cannot be used for the cases that require size accuracy.

The design that we are going to work on is cube-like below. A kind of lattice structure that we can set its height, widch,
and length and we alsa determine the size of the holes and channels precisely.
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We know that designing each one of these, takes many hours manually. However, if we design it through the code and
design a panel with a button that receives all of the sizes and creates such an object, it takes only a few seconds to
design any of these objects by any size, not to mention that, if we want a sphere shape ta have such kinds of lattice
structures we can simply intersect that object with this cube using the boolean madifier.
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The only problem that we face when we design such kind of an object, is that in Blender boolean difference is not as
robust as it should be and as a result, when we want to boclean difference a ton of these square-shaped cylinders, we
Face an object with so many open meshes and the result will be horrible. The fix here is to use a utility function we have
written called makeUnionGpt which is an optimized function that uses joining as a way to boclean union several objects.
Notice that instead of boolean difference, we can use union in ather words instead of cutting through a large cube, we
make our large lattice structure using a grid of small square-shaped cylinders that are placed in a sequence.

In this part of the tutarial, we focus on the utility functions that will help us design our main lattice structure.

i mport  bpy
B G S b4
HittHH# Uility Functions

HUBHH B HH B HA RSB HE B RS BHE B HE B B R R B B R R R R R R

def rotation_X(object,D yz):
cont ext = bpy. cont ext
scene = context.scene
cube = scene. obj ects. get (obj ect)
bpy. ops.transformrotate(val ue= D yz, orient_axis=X,
orient _type=' GLOBAL',
orient_matrix=((1, 0, 0), (0, 1, O
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), (0, 0, 1)),
))

def rotation_Y(object,D xz):
context = bpy. cont ext
scene = context.scene
cube = scene. objects. get (object)
bpy. ops.transformrotate(val ue= D xz, orient_axis="Y,
orient type=' GLOBAL',
orient_matrix=((1, 0, 0), (0, 1, O

constrai nt_axi s=(True, Fal se, Fal se

), (0, 0, 1)),

))

def rotation_Z(object,D xy):
context = bpy. cont ext
scene = context.scene
cube = scene. obj ects. get (obj ect)
bpy. ops.transformrotate(val ue= D xy, orient_axis="Z,
orient _type=' GLOBAL',
orient_matrix=((1, 0, 0), (0, 1, O

constrai nt _axi s=(Fal se, True, Fal se

), (0, 0, 1)),
))

constraint _axi s=(Fal se, Fal se, True

The above functions will determine the rotation of any object that is given in all different directions.

def make cube( nane, Feat ures):

| x = Features[O0]
ly = Features[1]
| z = Feat ures| 2]
dx = Features][ 3]
dy = Features|4]
dz = Features|5]
rx = Features|6]
ry = Features[7]
rz = Features|8]

bpy. ops. mesh. pri m tive_cube_add(! ocati on=(0, 0, 0))
bpy. ops.transformresi ze(val ue=(dx, dy, dz))
for obj in bpy.context.sel ected objects:
obj . nane = nane
rotation_X(nane, rx)
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rotation_Y(nane,ry)
rotation_Z(nane,rz)

cont ext = bpy. cont ext

scene = context.scene

cube = scene. obj ects. get (nane)
cube.location = (Ix,ly,Iz)

The above function will make a cube with the given name, location on all 3 axes, direction, and their dimension in length,
widch, and height (The size).

def get object by nane(obj nane):
assert obj _nanme in bpy.data.objects, "Error
getting object by name: {}".format(obj nane)
obj = bpy. dat a. obj ect s[ obj _nane]

return obj

The above function will select an object from the list, using its name.

def make _cust om cont ext (*obj ect _nanes, base_cont ext =None, nobde=None):
I f base_context is not None:
ctx = base_cont ext
el se:
ctx = {}
i f nmode is not None:
assert node in ("OBJECT', "EDIT'), "Wong node used"
ctx[' node'] = node
objs = [get _object by nanme(obj _name) for obj _nane in object_ nanes]
Cctx['active_ object'] = ctx['object'] = objs[O0]
ctx['selected editabl e _objects'] = ctx['selected objects'] = objs
ctx['editable objects'] = ctx['selectable objects'] = ctx|
"visible objects'] = objs

return ctx

def makeUni onOpt (*obj ect _nanes):
ctx = bpy.context.copy()
I f object_nanes:
ctx = make_cust om cont ext (*obj ect _nanes, base_cont ext =ct x, node=
" OBJECT')
bpy. ops. obj ect . j oi n(ct x)
# nostly the sane as export/inport conbination
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Using the 2 functions above, we will be able to boolean union a lot of objects altogether at once without bringing up
any open or destroyed meshes.In the next part, we will make lattice structures using the above utility functions.

Creating the Main Panel of Lattice Structure

In this second part of our tutarial, we want to create a panel in Blender to be able to easily design any shape of the
|attice structure that we want with any size.

e

Crtion:
v 3-8 06800

¥ Object Adder '

A 1 Glooat v/ @~ i v 8 /L~

Cur cushom!zed functian

Enter the size of Iattice :_ R

Erver the WIBTH of theabl ‘__I@i.
Erter the LENGTH ofthe_ (RSO
Erterthe HEGHT o theot [RECOR
|

In the main panel, here we set the required button and the parameters that we want from the user.

HHHHHHHHHHH AR BH BB B HHHHHHHHHH R B R B R HHHHHHHHH AR AR AR B TR R AR AR R H
HHH#HHHHH Mai n Pane
HHHHHHHHHHH PR B R BB HHHHHHHH R R B R B R PR PR AR R R R R R R R R R R H

cl ass Mai nPanel (bpy. types. Panel):
bl | abel = "Cbject Adder"
bl idnanme = "VI EW PT_Mi nPanel "
bl _space_type = 'VIEW3D
bl _region_type = "U"
bl category = 'Design Automation'

def draw(self, context):
| ayout = self.|ayout
| ayout.scale y = 1.2
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row = | ayout.row()
row. | abel (text= "Design Automation", icon="'OBJECT ORIA N)
row = | ayout.row()

row. oper at or ("wm function. myop”, text=
"Create Cube with internal lattice structures”)

HHHHHHHHHHH AR B R B BB HHHHHHHHHH R R B R B TR AR AR R R R R AR AR AR R 3
HitH#t Mai n U ?Functi ons
HHHHHHHHHHHH R B R BB HHHHHHH B R B R B HHHHH R R B R R R R R R R R R R

cl ass WM Function_myQp(bpy.types. Operator):
"""Click to apply our custom zed function"""
bl | abel = "Qur custom zed function”
bl _idnane = "wm function. nyop"

| s = bpy. props. Fl oat Property(nane= "Enter the size of lattice"
, default= 0.25)
cw = bpy. props. Fl oat Property(name= "Enter the WDTH of the object”
, default= 2.5)
cl = bpy. props. Fl oat Property(nanme=
"Enter the LENGIH of the object”, default= 5.0)
ch = bpy. props. Fl oat Property(nanme=
"Enter the HElI GAT of the object”, default= 1.0)

def execute(self, context):

LATTICE_SIZE = self.ls
CUBE_W DTH = sel f.cw
CUBE_LENGTH = sel f. cl
CUBE _HEI GHT = sel f.ch
return {' FI NI SHED }

def invoke(self, context, event):
return context.w ndow _nanager.i nvoke props_di al og(self)

After receiving the required parameters from the user, we will determine the number of square cylinders or rads in all 3
axis:

nRodx = (CUBE_LENGTH / LATTI CE_SI ZE) +2
nRody = (CUBE_W DTH / LATTI CE_SI ZE) +2
nRodz = (CUBE_HEI GHT / LATTI CE_SI ZE) +2

We also apply a modification in the width, length, and height of the cube, as we want to place all of the hales inside the
cube.

CUBE_W DTH = CUBE_W DTH + LATTI CE_SI ZE*3
CUBE_LENGTH = CUBE_LENGTH + LATTI CE_SI ZE*3
CUBE_HEI GHT = CUBE_HEI GHT + LATTI CE_SI ZE*3
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And we alsc determine the height of each square rod:

rodHei ght x = CUBE_LENGTH - LATTI CE_SI ZE*2
rodHei ghty = CUBE_WDTH - LATTI CE_SI ZE*2
rodHei ght z = CUBE_HEI GHT - LATTI CE_SI ZE*2

And the starting point of where we want to start placing our rods:

startx = CUBE_LENGIH 2 - LATTICE_SIZE*1.5
starty = CUBE WDTH 2 - LATTICE_SI ZE*1.5
startz = CUBE_HEI GHT/ 2 - LATTICE_SIZE*1.5

Now, we use for loops to create and places all the cubes on XY plane:

for i in range(int(nRodx/2)):
for j in range(int(nRody/2)):
make_ cube(" Cube", (startx-2*i *LATTI CE_SI ZE, starty-2
*| *LATTI CE_SI ZE, 0, LATTI CE_SI ZE/ 2,
LATTI CE_SI ZE/ 2, rodHei ghtz/2, 0, 0, 0))
if((i+) !'=0):
makeUni onQpt (' Cube' , ' Cube. 001")

Placing the vertical cubic cylinders:IF we run the code up to here, we will get the following result. We will be able to see a
large set of cubic cylinders that appear all at once, when we click the button (Create Cube with internal lattice
structures):
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Placing the Horizontal Cubic Cylinders

We are not done yet. To get the complete lattice structure we should place the horizontal cubic cylinders. To do so, we
should write the following for loops in the def execut e(') function after the for loops written for the vertical
rods. we should place the rods in XZ plane (horizontal cubic cylinders) using the following script:

for i in range(int(nRodx/2)):
for j in range(int(nRodz/2)):
make_cube("C', (startx-2*i *LATTI CE_SI ZE, 0, startz-2
*j * LATTI CE_SI ZE, LATTI CE_SI ZE/ 2, r odHei ghty/ 2,
LATTI CE_SI ZE/2 0, 0, 0))
if((i+) !'=0):
makeUni onOpt (" C, ' C. 001")

The result up to here will be like this:
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The abave result looks much closer to the expected result. We only need another set of rods normal to YZ plane.

Completing the Proj ect

And finally, we should place the rods on YZ plane to get the complete model of internal lattice structure. The following
code containing for loops should be writ-ten after the 2 previous set of for loops to serve our purpose:

for i in range(int(nRody/2)):
for j in range(int(nRodz/2))
make_cube("Cu", (0, starty-2*i*LATTICE SIZE, startz-2
*] *LATTI CE_SI ZE, rodHei ght x/ 2,
LATTI CE_SI ZE/ 2, LATTICE_SIZE/2, 0, 0, 0))
if((i+) 1= 0):
makeUni onOpt (" Cu', ' Cu. 001")

We also boolean union all three set of rods using the utility boolean union function we wrote in the last section:

makeUni onOpt (" Cu',' C , ' Cube')

BLOG X PRESS X MARKET X TUTORIALS X SERVICES X PORTOFLIO

2023 - Arashtad.com. All Rights Reserved.


https://arashtad.com/
https://arashtad.com/
https://blog.arashtad.com/
https://press.arashtad.com/
https://market.arashtad.com/
https://tuts.arashtad.com
https://arashtad.com/services/
https://demo.arashtad.com/
https://arashtad.com/

! ‘ ARASHTAD DESIGN AND DEVELOPEMENT SOLUTIONS

Thergyﬂtwﬂlbeﬂkeths;
R Fle Edt Reder Windw Hep Lo Modlg Slting  UVEdtng Tedumark m wm Rendeng | Compdtivg | Sciping) + F?@_s_w:
b Ocfut v Deg  SeectBox vl [y Gowl v Py Bl v/ (8 e

And do not forget to close the project to be able to use the panel for creating all the different shapes of lattice all
around the object:

AR HH R R R AR R R R AR R R R R R R R R R R
HitHHH Regi ster and Unregi ster
AR A S T T A I R T T T T A I R i i T T

def register():
bpy. utils. regi ster_cl ass(Mi nPanel)
bpy.utils.register_class(WJ Functi on_nyOp)

def unregister():
bpy. utils.unregister_cl ass(Mi nPanel)
bpy.utils.unregister_class(WM Functi on_nyQp)
if __name__ =="__main__
register()
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Now, using the above interface, you will be able to design and modify a robust internal lattice structure in a few
seconds. You can also boolean intersect it with the shape that you want and make that shape have an internal lattice

structure.
Conclusion

In this tutorial, we have introduced all types of lattice structures including the ones in beauty and aesthetics are
considered more impartant than accuracy of size and also the ones that accuracy of the dimensions is placed on top of
our priorities. We have also managed to get started with the design of an internal lattice structure with accurate
dimensions of height, width, and length for the object and the channels.

Finally, we have managed to complete the design tool for creating an internal lattice structure with accurate
dimensions. Using the said tool which is provided in a panel, you can design a cube with a certain height, width, length,

and internal lattice structures. Moreaver, you can use the boolean intersect modifier to apply the said internal lattice
structure on any object with any shape.
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Join Arashtad Community

Follow Arashtad on Social M edia

We provide variety of content, products, services, tools, tutarials, etc. Each sacial profile according to its features and
purpose can caver only one or few parts of our updates. We can not upload our videos on SoundCloud or provide our
eBooks on Youtube. So, for not missing any high quality original content that we provide on various social networks,

make sure you follow us on as many social networks as you're active in. You can find out Arashtad's profiles an
different social media services.
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Get Even Closer!

Did you know that only one universal Arashtad account makes you able to log into all Arashtad netwaork at once?
Creating an Arashtad account is free. Why not to try it? Also, we have reqular updates on our newsletter and feed
entries. Use all these benefitial free features to get more involved with the community and enjoy the many products,
services, toals, tutorials, etc. that we provide frequently.
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